Peculiarities of Gas Pressure Development Depending on the Intensity of a Burning Fuel in the Diesel Engine Cylinder  by Lazarev, E.A. et al.
 Procedia Engineering  150 ( 2016 )  132 – 137 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICIE 2016
doi: 10.1016/j.proeng.2016.06.735 
ScienceDirect
Available online at www.sciencedirect.com
International Conference on Industrial Engineering, ICIE 2016 
Peculiarities of Gas Pressure Development Depending on the 
Intensity of a Burning Fuel in the Diesel Engine Cylinder 
E.A. Lazarev*, M.A. Matculevich, V.E. Lazarev  
South Ural State University, 76, Lenin Avenue, Chelyabinsk, 454080, The Russian Federation 
Abstract 
Gas pressure changes in the cylinder determine the mechanical loading, vibration, noise, and, in conjunction with the temperature 
of the gas, the heat transfer rate, heat stress and environmental performance of diesel. The development of gas pressure depends 
on a number of factors, and the key one is the intensity of the heat generation in the combustion process. Regular interconnection 
between the intensity of pressure development and characteristics of fuel burning in the cylinder of a diesel engine are established 
by a theoretical analysis of these processes. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe organizing committee of ICIE 2016. 
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1. Introduction 
The differential equation of the combustion process, that tying regularity of gas pressure changes to the 
regularities of heat generation during burnout of fuel, allows to obtain analytical expressions for the main indicators 
of the dynamics of the pressure in the cylinder of a diesel engine. Among these indicators the speed of pressure rise 
is most important, is determined by analyzing the chart display. Using the heat generation patterns in the theoretical 
analysis, identified reserves to limit the indicators of dynamic of pressure development, which allows to identify the 
main ways to reduce mechanical loading, vibration and noise of the diesel engine due to the impact on the nature 
and duration of the fuel burn-out. 
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2. Review  
Combustion of hydrocarbon fuel is carried out by the chain reactions, specialty of which is determined by the 
intermediate products (effective active centers). The most successful patterns of burning fuel in diesel engines 
described I.I. Wibe [1 – 4], when the speed of chemical chain reaction (combustion) is represented as 
(1 )dx n x
dt
Z U        (1) 
where Ȧ – specific chemical reaction velocity; ȡ – the relative density of active centers at present time; x – 
proportion of starting material that has reacted at present time; n – the proportionality factor. 
In order to solve the problems and discover the function ( )f tU   I.I. Wibe offered empirical relationship 
mɤ tU     (2) 
where m – combustion character index; ɤ – the proportionality factor; t – time, using which he was able to get a 
semi-empirical equation of combustion in engines 
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where tZ – conventional duration of the combustion process; C –  constant. 
The abstract burn velocity is determined by differentiating the equation (3) 
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Fuel combustion equation can be written with respect to turning angle of bent shaft ĳ 
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Pattern indicator and conditional duration of combustion, as kinetic constants determine the development of the 
combustion process in time.  
Indicator of combustion character m determines the highest value abstract fuel combustion speed Ȧ0MAX and has 
the sense of quality kinetic constant 
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Conventional combustion duration ĳZ gives an indication of the duration, the average speed of the process and is 
a quantitative kinetic constant. 
3. Problem definition 
To determine the mechanical and thermal load of the diesel engine’s parts, economic and dynamic indicators of 
the operating cycle, and for calculation of the combustion process is necessary to link the thermodynamics 
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principles with heat generation regularity [5-10]. The equation of the first law of thermodynamics for random 
change of gases’ state can be written 
dq C dT p dQ Q       (7) 
where dq – infinitely small amount of heat that is used for an infinitely small period of time to increase the internal 
energy of 1 kg of the working body and the implementation of external work; CV – heat capacity of the working 
body at constant volume; dT – infinitely small increment of the working body temperature during the time dt; p – 
gas pressure; dv – infinitely small increment of the working body’s specific volume during the time dt. 
According to [1] 
Zdq q dx     (8) 
Zq  – the total specific heat of combustion used for diesel: 
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ȟ – combustion efficiency factor; D – excess air factor; Ȗ – residual gas ratio; Hu – lower calorific value of the fuel; 
Lʾ0 – air quantity that theoretically necessary for complete combustion of 1 kg fuel; dx – an infinitely small fraction 
of the fuel, burned down in the time dt. 
Than equation (7) will be written: 
Zq dx C dT p dQ Q        (10) 
As a result, the differential equation of the combustion process is expressed via volumes: 
( 1) Zk qdp k dxp
dv v v dv
 
       (11) 
where P
C
ɤ
CX
  – heat capacity ratio; 
dx
dX
 – combustion rate by volume.  
For practical calculations it is more convenient to use the equation, in which volumes are expressed via 
respective angles of rotation of the crankshaft Į and angles of the crankshaft, measured from the moment of firing of 
fuel. Expressing dX  in terms of "abstract" differential angle ĳ, we finally obtain the differential equation of the 
combustion process of fuel 
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where İ – compression ratio, ȥ(Į) = 1 + [(İ – 1)/2]{[1 + (1/Ȝ)] – [cosĳ + (1/Ȝ)(1 – Ȝ2sin2Į)0,5]}, aX – specific volume 
of the working body at the beginning of the compression stroke is determined to diesel engine: 
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ȝB – seeming molecular weight of air; Pa – the pressure of the working body at the beginning of the compression 
stroke; Ta – the temperature of the working body at the beginning of the compression stroke. 
4. Model 
It should be noted that it is impossible to determine beforehand the maximum speed of pressure increase using as 
a model of the working cycles the thermodynamic cycle (isochoric and mixed) [1, 11, 12]. Determination Ȧpmax in 
the theoretical study represents particular interest, because modern engines, especially diesel engines, are heavy duty 
and knowledge Ȧpmax, at least to a first approximation, has a great importance in the design of new diesel engines 
[13, 14].  
Rapidity of pressure increasing associated with the fuel combustion velocity via differential equation of the 
combustion process in the engine (12) 
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To get the value maxPZ we differentiate the equation (13) by D , than make it equal to zero and as a result we 
obtain 
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After setting the (14) into (13) the equation of the maximum speed of pressure increasing takes the form 
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0Wj  – abstract combustion acceleration; index "w" means that the members of the equation (15) are taken at a point 
corresponding to the maximum speed of pressure increasing. 
In order to obtain a simple and sufficiently accurate expression of Ȧpmax we introduce the following assumptions: 
1) the ratio of specific heats wɤ  we will take equal to the average for the area from the time of firing ș to the time of 
achievement maximum temperature of a cycle Ɍmɚɯ, with the error in the determination maxPZ does not exceed 1%; 
2) the combustion rate 0WZ  with accuracy up to 5% can be taken equal to its maximum value, then the abstract 
combustion acceleration will be 0Wj = 0. 
To determine the average values of the specific heat’s ratio k we use the formula proposed in [1]: 
76,7 0,03721,254k
T D
     (16) 
where Ɍ – the average temperature in the area from the time of firing to the time maximum temperature of the cycle, 
D  – excess air factor.  
In view of the assumptions, equation (15) can be written: 
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Where according to [1]:  
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degrees; ĳm – angle when maximum abstract combustion speed is achieved Ȧ0max, crankshaft degrees; ș – angle of 
the start of combustion, crankshaft degrees; G  – amendment, defines the degree of discrepancy between angles of 
maximum combustion speeds and maximum pressure rise (for modern diesel engines is 5…7 crankshaft degrees) 
[15]. 
This equation makes it possible to assess the "rigidity" of a diesel engine’s work and compares it with different 
methods of mixture formation and combustion in the design. The analytical expression can be used for fine-tuning 
the duty cycle in order to ensure a "soft" work of a diesel engine with its high fuel efficiency [16, 17]. 
5. Results 
The maximum speed of pressure rise according to the expression (17) is directly proportional to the maximum 
abstract rate of combustion, the compression ratio and the total specific heat of combustion was used. However, the 
effect of these parameters of work cycle on maximum speed, must be taken in conjunction. Thus, the change of H 
affects, according to experimental data, the value w0max: reduction qz, for example, by reducing the engine load 
accompanied by some increase w0max etc... The inversely proportional relationship between wpmax and conventional 
combustion duration is consistent with the experimental data. Stretched over the angle of crankshaft’s rotation 
combustion process with constant other parameters leads, as is well known, to reduce wpmax, however, due to the 
deterioration of a diesel engine’s efficiency in this case does not allow to recommend this method as a means of 
improving the dynamics of the combustion process.  
6. Conclusion 
Linking basic work cycle performance with a maximum speed of pressure rise, equation (17) allows you to 
identify ways to influence wpmax to eliminate the "hard" work of the diesel engine while maintaining its high fuel 
efficiency. One of these ways can be recommended to reduce the maximum abstract combustion rate by increasing 
combustion character index m, while maintaining the value of the conditional combustion duration, and therefore the 
average speed of combustion at a sufficient level to provide a high efficiency. Practical implementation of this 
direction for reduction wpmax and, consequently, for reduce the mechanical loading, vibration and noise of the diesel 
engine, it is carried out using a split fuel injection [18-20].  
Equation (17) can be used to determine a maximum relative velocity of the combustion. With a known value of 
the conventional combustion duration we can also determine the combustion parameter value m. To do this, use a 
well-known experimental methods for determining the Mz. However, the definition Mz assumes knowledge of the 
value wpmax, which in this case must be obtained experimentally. 
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